1 6 ICE1 (inducer of CBF expression 1), a MYC-like bHLH transcriptional activator, plays an important role in plant under 1 7 cold stress via regulating transcriptional expression of downstream cold-responsive genes. Ubiquitination-proteasome 1 8 pathway mediated by high expression of osmotically responsive gene1 (HOS1) can effectively induce the degradation 1 9 of ICE1 and decrease the expression of expression of CBFs and their downstream genes under cold stress response in 2 0 Arabidopsis, but the knowledge about ubiquitination regulation of ICE1 by HOS1 is still limited in woody plants. In 3 1 3 2
Yeast two-hybrid assays were carried out using the Matchmaker™ gold Yeast two-Hybrid Systems (Clontech, USA).
0 4
Different truncated CDS of EcaICE1 without transcriptional activation activity were subcloned into pGBKT7 (BD) to 1 0 5 form the bait vector. The full-length CDS of EcaHOS1 was amplified and inserted into pGADT7 (AD) to construct the 1 0 6 prey vector (AD-EcaHOS1). The primers are listed in Supplemental table S3 . The bait and prey vectors were 1 0 7 co-transformed into yeast strain gold Y2H using lithium acetate (LiAc) method. Then yeast cells were plated on 1 0 8 SD/-LW medium (minimal media double dropouts, SD basal medium without Leu and Trp) according to the 1 0 9 manufacturer's protocol (Clontech, USA) for 72 h. Transformed colonies were sprayed on SD/-LWHA medium 1 1 0 (minimal media quadruple dropouts, SD medium with -Leu/-Trp/-Ade/-His) containing 125-μM Aureobasidin A (AbA), The phosphorylation sites within the key region of EcaICE1 for its interaction with EcaHOS1 were predicted using 1 1 6 NetPhos 3.1 server ( http://www.cbs.dtu.dk/services/NetPhos/ ), and further analyzed by ProtParam program on the 1 1 7 expasy website (http://web.expasy.org/protparam). The potential phosphorylation sites were used for substitution into 1 1 8 alanine by site-direct mutagenesis. Site-direct mutagenesis experiments were carried out with KOD-Plus Mutagenesis 1 1 9
Kit (TOYOBOCO, China). The BD-EcaICE1 T3 plasmid was used as the temple for the site-saturation mutagenesis. The 1 2 0 primers were listed in Supporting Information Table S4 . All mutants were confirmed by sequencing at 1 2 1
Beijing Genomics Institute (BGI, China). The BD-EcaICE1 T3 and its mutants were used for further Y2H and 1 2 2 β -galactosidase activity assays. The β -galactosidase activity was measured based on protocols from the yeast β -galactosidase assay kit manual (Thermo, 1 2 6 USA). Single yeast colonies grown on SD/-LW medium of BD-EcaICE1 T3 and its mutants with AD-EcaHOS1 were 1 2 7 picked and transferred into 5 mL YPDA liquid medium, and incubated at 30 °C with 200 rpm shaker for 10-14 h, and 1 2 8
the OD measurement at 660 nm was recorded. 1.0 mL of the culture medium was centrifuged at 13,000 g for 1 min, where OD 420 , T, V, and OD 660 were the OD measurement at 420 nm, reaction time (min), reaction solution volume 1 3 6 (mL), and the OD measurement at 660 nm, respectively. The data values presented were the means ± standard errors (SE) of three replicates through statistical analysis via R 1 4 0 software (v 3.5.1), and further analyzed by ANOVA and Duncan's multiple range test to compare the differences 1 4 1 between treatments at the P < 0.05 level. ( Nuclear localization sequence) box, were found in EcaICE1 protein from the multiple alignments ( Figure S1 ).
4 8
Nevertheless, only Eucalyptus ICE1 proteins had an additional Q-rich (Glutamine-rich) domain, suggesting that the 1 4 9 characteristics of ICE1 proteins might be different between Eucalyptus and the other plants. The multiple alignments ( Figure S1 ) showed that there was an NLS box in the EcaICE1, implying that it may be nuclear 1 6 1 localized protein. To confirm the result, the subcellular localization assay of EcaICE1 was carried out using a fusion 1 6 2 protein of EcaICE1 and YFP reporter gene, driven by 35S promoter. The yellow fluorescence of EcaICE1-YFP fusion 1 6 3 protein was detected in the nucleus (Figure 2) . These results indicated that EcaICE1 was a nuclear protein, similar to 1 6 4 other woody plant ICE1 proteins [17, 18, 19] . We perform the Y2H assay to further confirm the protein-protein interaction between EcaICE1 with EcaHOS1 and 1 7 8 discover the key interaction region of EcaICE1 for the interaction. Unfortunately, both EcaICE1 and EcaHOS1 had 1 7 9 autoactivation activity ( Figure S3 ). Then, transcriptional activation assay demonstrated that amino acids from positions 1 8 0 84 to 125 in EcaICE1 were critical for the transactivation activity of EcaICE1 ( Figure S2 ). Now the truncated EcaICE1 1 8 1 protein without transcriptional activation activity was constructed into vector pGBKT7, and co-transformed with 1 8 2 AD-EcaHOS1 into yeast strain separately to find the protein-protein interaction region. The results showed that only the 1 8 3 EcaICE1 T3 interacted with EcaHOS1 and the other regions did not ( Figure 4A ), while all of these four truncated 1 8 4
EcaICE1 proteins could interact with AtHOS1( Figure 4B ), indicating that the N-terminus region of EcaICE1(126-185aa) 1 8 5 was the key region for its interaction with EcaHOS1 protein, quite different from A. thaliana [28] . genes were located on the scaffold 1 within a cluster of about 117 Kb [24] . We first cloned an ICE1 gene EcaICE1 from 2 0 7 E. camaldulensis and found that ectopic expression of EcaICE1 could confer improved cold tolerance and increase the 2 0 8 expression level of downstream genes in transgenic tobaccos [16] . However, the factors controlling ICE1 protein 2 0 9 stability associated with cold stress response in Eucalyptus, that is, whether there is similar ubiquitination or 2 1 0 SUMOylation pathway of ICE1 to Arabidopsis, are still lack of empirical studies. In this current study, we further 2 1 1 researched the ubiquitination pathway of ICE1 mediated by HOS1 in Eucalyptus and characterized EcaICE1 protein 2 1 2 having a direct physical interaction with EcaHOS1 in vivo (Figure 3 , 4A, and 5A).
1 3
E3-ubiquitin-ligases-mediated ubiquitination are emerging as major regulators in plants' response to abiotic stress, 2 1 4 circadian rhythm control, cell cycling and plant-microbe interactions [29, 30, 31] . High expression of osmotically 2 1 5 responsive genes1 (HOS1), one of the RING finger-containing E3 ubiquitin ligase, was initially described as a 2 1 6 cold-signaling attenuator of ICE1 [9, 32] , and also involved in ethylene signal transduction [33] EcaHOS1 with other plant HOS1 proteins (Figure 1) , the RING finger domain is highly conserved among the presented 2 2 0 plants, and the first residue in the RING finger of all seven HOS1 proteins is Leu, which is Cys in animal inhibitor of signal transduction and encodes a RING finger protein that displays cold-regulated nucleo-cytoplasmic partitioning. Gene Dev. 3 6 8 BD: pGBKT7 vetor; AD: pGADT7 vetor; T3: truncated EcaICE1-T3; T3(S143A), T3(T145A), T3(S158A), T3(S184A): the mutant 3 6 9
of truncated EcaICE1-T3 at serine 143, threonine 154, serine 158 and serine 184 by alanine, respectively; SD/-LW: SD/-Leu-Trp:
3 7 0 double dropouts, SD medium with -Leu/-Trp; SD/-LWHA: quadruple dropouts, SD medium with-Leu-Trp-His-Ade. BD: pGBKT7 vetor; AD: pGADT7 vetor; T3: truncated EcaICE1-T3; T3(S143A), T3(T145A), T3(S158A), T3(S184A): 
